The paper presents a comparative study of the ionospheric sporadic E layer parameters (fbEs, foEs, and h'Es) retrieved from ground based ionosonde at mid latitude station Yamagawa, Japan (31.20 N, 130.370 E) during the ascending phase of 24th solar cycle i.e. during January 2012 to December 2014. The comparison between the E-region parameters has been carried out on a diurnal, seasonal, annual and day night basis. The diurnal maxima of foEs, fbEs, and h'Es are generally higher during high solar activity. From the present study it is found that the highest values of fbEs are observed during the summer while the lowest values are observed during autumn at mid latitude. Similarly, the highest values of foEs are observed during the summer season while the lowest values are recorded in autumn season. However, the highest values of h'Es are recorded during the spring and the lowest values are recorded in autumn. The variability of Es during the day and night time is also studied. The sporadic E can form and disappear in a short time during either the day or night. We have also studied the percentage occurrence of sporadic E. The occurrence of Es changes from year to year.
Introduction
The E-region of the ionosphere is located about 80 to 160 km in altitude. The height can vary a little, and, along with electron density, depends on solar zenith angle and solar activity. During day hours, electron density can reach 10 5 e/cm 3 . At night, when the supply of radiations from the sun is cut off, ionization levels drop to 10 3 e/cm 3 .
Basically, these ionization densities are expected under normal conditions. Sporadic E can occur during day or night time, and it varies with latitude, it can be associated with, meteor showers, thunderstorms, solar activity, and geomagnetic activity. Vertical wind shear is a widely accepted mechanism that explains the formation of mid-latitude Es [1] [2] [3] . Sequential sporadic E layers at low latitude in the Indian sector were presented by comparing Waltair (dip 20 0 N) with Trivandrum (dip 2 0 N) and SHAR (dip 10 0 N) [4] . They provided the experimental evidence for the wind shear theory for the formation of descending night time sporadic E layers by using the Ionosonde data. They concluded that the night time descending sporadic E layers are produced by the combined effect of the equator ward propagating gravity wave and the increased pole ward neutral wind which brings the ionization downward through the field line. Now a days some researchers considered Sporadic E (Es) as a very thin layer which occurs in clouds of relatively high electron density in the E region of ionosphere which significantly affect the HF and low-VHF communications [5] [6] [7] . Vryonides et al. studied the Es Layer characteristics over Cyprus station and analyzed the diurnal and seasonal occurrence of Es layer during a low solar activity period (January 2009 to August 2010) [8] . They observed that the sporadic E diurnal occurrence pattern is generally high during morning hours with a strong blanketing character, around noon, low in the afternoon and then reappears again during evening hours, sometimes persisting through the night. Sporadic-E occurrence is high in the northern hemisphere, peaking between 10° to 30° latitude; while in the southern hemisphere it is greatly depressed. Worldwide patterns indicate that Es occurrence depends on latitude [9] . The variations in velocity and direction of the neutral winds, in conjunction with the Earth's magnetic field, are important factors to account for the formation mechanism of mid-latitude sporadic-E [5, [10] [11] [12] . Ernest and his associates studied the temporal and geographic variation of the sporadic E [13] . At equatorial latitudes Es is essentially a daytime phenomenon depending on seasons; at high latitudes Es is mainly present at night again with a low seasonal variation; at mid latitudes, Es shows a clear diurnal and seasonal variation. At mid latitudes and also at low latitudes the sporadic E(Es) layer formation depends essentially on the vertical wind shear which is associated with the tidal winds that almost always present between 100 and 160 km as inferred from incoherent scatter radar observations [14, 15] . Haldoupis et al. proposed a new methodology, height-time-intensity (HTI) which is useful in measuring descent rates and tidal periodicities of Es [16, 17] . Observations revealed that the diurnal and semidiurnal tides are the main agents that control the formation and altitude descent of sporadic E layers. Pignalberi et al. also used height-time-intensity (HTI) which describe the daily variability of the sporadic E (Es) layer, the top frequency (ftEs) and the lowest virtual height (h'Es) [18, 19] . The height-time-Intensity (HTI) study, along with a fast Fourier transform analysis, showed that a semidiurnal periodicity characterizes the Es layer most accurately in June and July, while in August and September the daytime semidiurnal periodicity becomes weaker and the role of the diurnal periodicity is consequently highlighted. The wind shear theory only explains the principle of layer formation in the vertical plane but not in the horizontal plane.
Hysell used Coherent Scatter Radar (CSR) at St. Croix, US Virgin Islands (USVI) in the Caribbean Sea, to observe low-and mid-latitude Es [20] . They revealed patchy structures of sporadic E (Es) elongated in E-W and/or NW-SE, and their movements in the directions perpendicular to the elongation azimuths. A thin and highly dense sporadic E layer called blanketing sporadic E which can occasionally block the upper ionospheric layers. Mid latitude sporadic E higher peaks occurred in the northern hemisphere in May, June, and July while minor peaks in December and January. Similarly, in the southern hemisphere higher peak occurred in the months of December, November and January [11, [21] [22] [23] . Veenadhari et al. observed the occurrence of sporadic E at New Delhi and they did not find any clear relationship with magnetic activity [24] . Prasad and co-workers studied the diurnal, seasonal and day to-day variation of h'Es and foEs for three latitudes and observed that the sporadic E layer is absent in the early morning and post sunset hours [25] . The influence of solar and geomagnetic activity on mid and low latitude Es critical frequency foEs were investigated by many researchers [26] [27] [28] [29] . Abe et al. studied the variability of foE in the equatorial ionosphere with solar activity at Ouagadougou (12.4 N, 1.5 W) [26] . They revealed that foE increases with the increase in solar intensity of the sun. Zhang and his group investigated the solar and geomagnetic activity effect on Es layer over low, mid and high latitude stations, during four solar cycles and find that the effect of solar activity is different over different latitudes [27] . Pezzopane studied the effect of F10.7 solar flux over foEs and fbEs and find a high positive correlation of F10.7 solar flux with foEs and fbEs [28] . They also find that the correlation between F10.7 and fbEs is much higher than the correlation between F10.7 and foEs. Pietrella and his associates also studied the solar cycle effect on foEs over a mid-latitude station for three solar cycles and they don't find any significant dependence of solar cycle on occurrence of foEs [29] . Gwal et al. studied the occurrence of GPS amplitude fluctuations during January to December 2008 and they concluded that the amplitude scintillation is solar activity dependent [30] . The major problem in Es theory is to explain the diurnal variations and the seasonal and geographic distributions. In the present study Es layer behavior over mid latitude is studied using a modern digital ionosonde in Japan during 2012 to 2014.
Data and Method of Analysis
To accomplish this study we have used the digital ionosonde observations of three years i.e. from January 2012 to December 2014 carried out at mid latitude station Yamagawa, Japan. We have used the three ionospheric parameters for this i.e. foEs (Critical frequency of sporadic E-layer), fbEs (blanketing frequency of sporadic Elayer), and h'Es (height of sporadic E-layer) with one hour resolution. The ionosonde data used in this study were obtained from National Geophysical Data Center's (NGDC), Space Physics Interactive Prediction (SPIDR) website. A comparative study between the E-region parameters has been carried out on a diurnal, seasonal, annual and day night basis. Each year is divided into four seasons namely spring (March, April, May), summer (June, July, August), autumn (September, October, November) and winter (December, January, February) respectively. For this analysis we have used local time (LT=UT+9hours) for calculation. We also computed the yearly percentage occurrence of Sporadic E.
Results and Discussion

Monthly average diurnal variability of fbEs over Yamagawa
The most important characteristics of the Es layer is its critical frequency (foEs) and blanketing frequency (fbEs). The monthly average diurnal variability of blanketing frequency of the sporadic E layer (fbEs) for each of the 12 months during the three years 2012 to 2014 is presented in Fig. 1 . The different color lines show the average variation of fbEs for each month of three different years. From the Figure we find that the fbEs observed highest peak values during the months of January, Feburary and December in 2012, during the months of March, June, September and October in 2013 while highest peak values for the year 2014 were observed during the months of April, May, July, August, June and September. The monthly diurnal average variability of fbEs shows higher values in the day time compared to night time. The diurnal pattern observed during all the months has same shape with occurrence of diurnal peak between the same times. The blanketing frequency (fbEs) reaches a peak value in morning hours 9 LT to 10 hrs LT at Yamagawa.
Monthly average diurnal variability of foEs over Yamagawa
Critical frequency of sporadic E-layer (foEs) is an important parameter, which is very important in the radio wave communication. 
Mid Latitude Sporadic E-layer Variability
Monthly average diurnal variability of h'Es over Yamagawa
The monthly average diurnal variability of minimum virtual height of sporadic E layer (h'Es) at mid latitude station (Yamagawa) Japan during 2012 to 2014 is shown in Fig.  3 . The h'Es values are higher during months of March and December in the year 2012, during the months of September and November in the year 2013 and during the months of April, May, September, October and November in the year 2014. Fig. 3 . Monthly average diurnal variability of sporadic E-layer minimum virtual height (h'Es) at mid latitude station (Yamagawa) Japan during 2012 to 2014.
Monthly variability of fbEs over Yamagawa
The month to month variability of fbEs for each month of the year 2012 to 2014 at mid latitude station (Yamagawa) Japan during 2012 to 2014 is shown in Fig. 4 
Monthly variability of foEs over Yamagawa
Monthly variability of Sporadic E layer critical frequency (foEs) at mid latitude station (Yamagawa) Japan during 2012 to 2014 is shown in Fig. 5 . 
Monthly variability of h'Es over Yamagawa
Monthly variability of Sporadic E layer minimum virtual height (h'Es) at mid latitude station (Yamagawa) Japan during 2012 to 2014 is shown in Fig. 6 . From the Figure 
Yearly average diurnal variability of fbEs over Yamagawa
The yearly average diurnal variability of the fbEs, foEs and h'Es parameters have been determined for each year between 2012 to 2014. 
Yearly average diurnal variability of foEs over Yamagawa
Yearly average diurnal variability of h'Es over Yamagawa
Seasonal variability of fbEs over Yamagawa
The ionosphere varies throughout the year, from hour to hour, day to day, month to month and also from season to season. This is because the solar zenith angle (angle measured at the Earth's surface between the Sun and the zenith) has a seasonal variability, and because of the neutral atmosphere from which the ionosphere is created. Usually, the whole year is categorized into four seasons, i.e. spring (March, April, May), summer (June, July, August), autumn (September, October, November) and winter (December, January, February) respectively. The Seasonal variability of fbEs at mid latitude station (Yamagawa) Japan during 2012 to 2014 shows in Fig. 10 . From the figure we find that the lowest values of fbEs were observed during autumn followed by winter and spring and the highest values were observed during the summer. 
Seasonal variability of foEs over Yamagawa
We have also studied the seasonal variability of foEs during four different seasons of the year 2012 to 2014. Fig. 11 shows the Seasonal variability of foEs at mid latitude station (Yamagawa) Japan during 2012 to 2014. From the figure we find that the highest values of foEs were observed during the summer followed by spring and lowest values were observed during autumn and winter. 
Seasonal variability of h'Es over Yamagawa
The seasonal variability of h'Es during four different seasons is presented in Fig. 12 .
The average seasonal h'Es shows higher values during the spring and summer season while the lower values were observed during winter and autumn season. 
Percentage occurrence of sporadic E over Yamagawa
The yearly percentage occurrence of sporadic E is also computed individually during 2012 to 2014 which is shown in Fig. 16 . From the figure we find that the maximum percentage occurrence of sporadic E is observed in 2013 with percentage occurrence more than 70% followed by the year 2014 with percentage occurrence 69% and the minimum percentage occurrence of sporadic E layer is observed in 2012 with percentage occurrence of 60%. In the present study, the daily, monthly, seasonal and annual variations of foEs, fbEs and h'Es indicate the effect of the variation of solar ionizing radiation with the Sun's zenith angle. The development of Es layers is due to the vertical shear of the horizontal wind according to the widely accepted wind-shear theory of mid-latitude sporadic E, foEs, fbEs, h'Es follows the variation of the solar zenith angle. Namely, the background electron density (electron density in the absence of wind-shear), which is modified by the wind-shear mechanism, changes with the solar zenith angle. As it is known, foEs is greater than foE due to the U x B electric field, which forces ions upwards from the height region, where the neutral wind is of W-E direction and moves ions downwards from that height region, where the neutral wind is directed E-W; the wind-shear is producing turbulence. Such a situation can be due to atmospheric gravity waves of appropriate vertical wavelength. The lowering of fbEs, foEs and h'Es associated with the decrease of solar activity proves only the role of solar ionizing radiation in the formation of Es layers by causing the decrease of the background electron density. As in the case of the daily variations, it also seems that the mean Wind-shear does not change with solar activity. The present results confirm that sporadic E parameters really depend on solar activity.
Conclusion
The main conclusions drawn from the present study are as follows:
 The sporadic E-layer critical frequency (foEs), blanketing frequency (fbEs) and minimum virtual height (h'Es) tend to reach maximum between 08:00 and local noon while minimum after sunrise and two hours before the sunset. 
